Forty-one Pyrus species and cultivars were analyzed for peroxidase isozyme phenotypes by polyacrylamide gel electrophoresis. Five peroxidase isozyme phenotypes were specified for flower buds in Pyrus plants, and were consistent and repeatable. Intercultivar and interspecific polymorphism was not sufficient to permit reliable identification of every Pyrus plants examined. Bud sport could not be distinguished from the original cultivar. The genetic basis of polymorphism was unknown, being unable to compare the peroxidase isozyme genotype observed in a hybrid with that predicted on the basis of parental peroxidase isozyme genotype. Some of the local (Kanto Province) cultivars were specified by their peroxidase isozyme phenotypes.
Introduction
Japanese pear is one of the most popular tree fruits grown in Japan. It has been cultivated for hundreds of years, and there are more than 1,200 cultivars (6, 8) . Japanese pear cultivars (Pyrus pyrifolia Nakai=P. serotina Rehder) have been investigated exclusively based on the morphological characteristics (4, 10) , phenolic compounds (7), species-specific flavonoid (9) , and sugar compositions (11) .
Morphological and physiological traits do not always provide a clear basis for identification. In order to understand the precise relationships between wild and/or domesticated pears, we need to examine the genetic variation. Polyacrylamide gel electrophoresis has shown promise in the separation of several plant species through enzyme characterization, and the advent of disc electrophoresis has led to its use in studying tissue differentiation, physiology, genetic analysis of plant isozymes, and assessing the relationships between species, hybrids, interspecific hybrids, and cultivars in numerous investigations (16) .
Enzymes can be separated into different molecular forms, called isozymes. Isozymes are ideal markers because they are colinear with the genes, commonly codominant in effect and relatively unaffected by the environment (1). Isozyme analysis offers a possible alternative method for cultivar identification. In the genus Pyrus, the Asiatic species Callery pear (P. calleryana Pcne.) cultivars (18) were separated by peroxidase isozymes. And P. calleryana and group of Chinese pear clones (complex hybrids of P. ussuriensis x P. pyrifolia) were examined by peroxidase, esterase, and acid phosphatase isozymes (14) . Also, P. communis cultivars have been studied for pollen isozymes (2).
There is no literature on the use of isozymes to investigate variability among the Japanese pears. This approach seems to be an interesting area of the investigation since there is a great variability within the species due to long period of cultivation. Consequently, it is likely that hybridizations among species (P. serotina, P. hondoensis and P. aromatica) and also Chinese pears might have taken place (8, 10, 13) .
The present study was therefore aimed at determining if polyacrylamide gel electrophoresis of flower buds extracts could provide sufficient information to identify the cultivated pears and related forms. The vertical slab gel electrophoresis unit was used. Electrophoresis in the anodal direction was carried out at constant current, 30 mA, with a 300 V limit, until the tracking dye, bromophenol blue, reached 0.5 cm from the bottom of the gel.
The reaction mixture to stain peroxidase (EC 1.11.1.7) isozymes contained 0.8 mM o-dianisidine (3,3'-dimethoxybenzidine) (19) acidified with glacial acetic acid, and 96 mM sodium acetate. The peroxidase bands appear after the addition of H2O2 (at 0.003 % final conc.) (16) . The gel was dried in a vacuum and heating. Results and Discussion
No differences in major banding patterns were observed due to sampling time. Considerable variations were observed for the electrophoretic patterns of anodal peroxidase isozymes (Fig. 1) . Out of the 8 major bands detected, 5 peroxidase isozyme phenotypes were specified for flower buds in Pyrus species (Fig. 2) . Fainter-staining bands migrating ahead of the main staining region were sometimes detected, but they were not consistent enough to be characterized. The five banding patterns were characterized by the presence of a darkly staining region. PRX-f and -g of Pyrus is probably a monomeric enzyme. However, we could not make any genetic interpretation out of the isozymes. Further progeny tests will be needed to establish the number of loci and alleles. PRX-h,a slower-migrating, resolved no electrophoretic variation among Pyrus species. PRX-a, -b, -c, and -d fast-migrating were considered to be flower budspecific peroxidase isozyme (Fig. 2) . These were not observed in leaves (unpublished data). Few number of banding patterns obtained for peroxidase isozyme in flower buds of Pyrus indicates the possibility of a few genetic diversity among plant introductions.
Each peroxidase isozyme band was scored as a phenotype and pairwise comparisons of the isozyme phenotypes using the similarity coefficient of Jaccard (20) . Similarity coefficient (SJ) is calculated with the formula: Si=al(a+u), where a is the number of matched band between two isozyme phenotypes, and u is the number of non-matched. The closer SJ is to 1.00, the more similar, or the more related, two phenotypes are considered to be. The results of this analysis based on the isozyme phenotypes are presented in the matrix (Table 1) . Phenotypes A and C are the most similar to phenotype E with an SJ value of 0.875, showing Comparison of relatedness among phenotypes was conducted by unweighted pair-group arithmetic average (UPGMA) cluster analysis. In this analysis, the two groups with the highest genetic identity values (SJ) are clustered first. The remaining groups are then linked in cyclic fashion at the average values of their similarity coefficients relative to already clustered groups. UPGMA cluster analysis has been used in other groups to infer evolutionary pathways (15) . But in this paper, we seek only to use UPGMA cluster analysis to reveal the relative similarity of the peroxidase isozyme phenotypes.
The results of UPGMA cluster analysis for peroxidase isozyme phenotypes in flower buds are exhibited in the dendrogram (Fig. 3) . The dendrogram shows that phenotypes A and E are the most similar to each other than to the other three phenotypes. These phenotypes and phenotype C form a cluster of closely related species. The phenotypes B and D also form a cluster, which in turn, forms larger cluster with the phenotypes A, E, and C.
The PRX-A phenotype consisted of 4 bands (b, d, g, and h) (Fig. 2) and was observed in 7 OTUs (2, 4, 7, 10, 11, 27, and 33) (Table 2). Kikuchi described that 'Sotoorihime' (OTU 10) belongs to P. aromatica (OTU 8), wild pear of Tohoku Province, because of its morphological phenotype which resembles that of P. aromatica (12) . However, in this study, 'Sotoorihime' (OTU 10) was different from P. aromatica (OTU 8) in peroxidase isozyme phenotype. It is suggested that widespread hybridization resulted in the biochemical variation in the cultivars.
The PRX-B phenotype consisted of 6 bands (a, c, d, e, g, and h) (Fig. 2) , and occurred in 9 OTUs (14, 18, 21, 23, 24, 28, 31, 35 , and 41) ( Table 2) . Out of the nine OTUs, five are from Kanto Province. These are 'Rokugatsu' (OTU 14), 'Wasekozo' (OTU 18), 'Waseaka' (OTU 21), 'Shinchu' (OTU 23), and 'Akaho' (OTU 24).
The PRX-C phenotype occurred in 9 OTUs (1, 3, 6, 8, 13, 17, 25, 34 , and 36) ( Table 2 ). This phenotype consisted of 4 bands (b, d, f, and h) (Fig. 2) .
The PRX-D phenotype was observed in 5 OTUs (9, 12, 16, 22 , and 37) (Table 2) , and consisted of 6 bands (a, c, d, e, f, and h) (Fig. 2) , four bands (a, c, d , and e) of peroxidase isozyme phenotypes B and D could be considered to be related to cultivars of Kanto Province. So, wouldn't it be possible for geographical distribution of cultivars and wild pears to be established if we investigate more cultivars.
The PRX-E phenotype occurred in 11 OTUs (5, 15, 19, 20, 26, 29, 30 , 32, 38, 39, and 40) ( Table  2 ). This phenotype consisted of 5 bands (b, d, f, g, and h) (Fig. 2) . This phenotype was observed in bud sport or open pollinated seedling of 'Nijisseiki' (OTU 19), and hybrid seedling of 'Nijisseiki' used as paternal parent or those hybrids. Bud sport could not be distinguished from the original cultivar. As generally bud sports only differ in single or few traits, it is difficult to get these changes reflected at enzymatic level particularly if the number of enzymes studied is scarce (2). But bud sports were discriminated from their original cultivar by spot patterns of phenolic compounds on a paper chromatogram (7) . 'Ishiiwase' (OTU 34), `Yakumo' (OTU 36) , and `Gion' (OTU 38), hybrids of 'Nijisseiki' used as maternal or pollen parent could be discriminated from their original cultivar by the peroxidase isozyme phenotypes.
We are hesitant to use peroxidase isozyme phenotype for bud sport or hybrid identification for Pyrus flower bud, until their genetic basis and consistency of expression have been firmly established. More species and cultivars may be distinguished on the basis of additional enzymes. II. Method and application to human serum proteins.
